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Candidate genes: examples of amino acid changes in notothenioids
Methods
To evaluate notothenioid amino acid changes in a cross-section of genes, six candidates from a range of functional categories of interest were chosen for a more detailed examination. The selected genes comprised small, well-characterised genes present in multiple fish species (mainly teleosts, but in some cases these analyses were extended to the Actinopterygii when sequences from the spotted gar (Lepisosteus oculatus) were available) and available in at least two notothenioids. The amino acid composition of a series of six candidate genes were further analysed in depth at the amino acid sequence level. These genes were superoxide dismutase 1 (SOD1), neuroglobin, dihydrofolate reductase (both paralogues), p53 and calmodulin. Clustal X alignments were constructed from orthologues identified in the four Notothenioid transcriptomes along with other fish orthologues extracted from either SwissProt (Bateman et al., 2017) or Ensembl release 91 (Aken et al., 2017) . Alignment data were visualised and annotated in BoxShade version 3.21 (https://embnet.vitalit.ch/software/BOX_form.html). Notothenioid-specific changes were noted and the type of substitution in terms of amino acid properties was noted.
Results
A range of amino acid changes were revealed, from virtually complete conservation between the notothenioids and other fish (calmodulin), to one amino acid substitution present in neuroglobin and SOD1, to more extensive changes in dihydrofolate reductase, dihydrofolate reductase-like and p53. In the case of the latter three genes, notothenioid-specific changes were at positions that were often highly variable in temperate fish species with up to six different amino acid substitutions and did not result in a definable pattern of directional substitution. In all cases, the notothenioid protein coding regions did not have consistent length differences compared to other fish. 1 ************************************************************ 61 **************.************************.******************* 
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